Parental Injuries to Offspring
Mr J M Evans (Glaxo Laboratories, Greenford, Middlesex) Parental Injuries to the Offspring in Various Animal Species It is only within recent years that more attention has been paid to maternal behaviour patterns in animals; previously workers were more interested in studying other kinds of behaviour such as dominant-subordinate relationships, courting, mating and nest-building.
Great care should be taken when comparing reports on maternal behaviour in animals and man since in animals information is obtained by observation and experimentation whereas in humans subjective information can be obtained.
ClassJication
Maternal injuries to the offspring in animals generally occur accidentally or as a result of maternal inexperience, but aberrant maternal behaviour may account for some injuries. It is preferable to group injuries according to the signs shown by the offspring and to recognize that different aetiological factors may be responsible. In animals the following injuries may be inflicted: cannibalization, crushing and laceration.
Cannibalization
Pigs: True cannibalism occurs quite commonly in pigs, especially under those systems of management where cross-suckling occurs. Dogs: Quite frequently puppies may be accidentally cannibalized and this is especially so in the prognathic breeds as the mouth formation makes severing of the umbilical cord difficult The cord may be chewed in such a way that the surrounding abdominal wall is removed and the pup is eviscerated. Cats: Accidental cannibalization is rare, but cases of true cannibalization in the post-partum rest period have been recorded.
Crushing
Puppies of the larger breeds of dog and also piglets are often accidentally crushed by their mothers whereas in kittens this seldom occurs. Accidental crushing may occur because the mother does not respond to the cries of the young, but other contributing factors are high mother/ offspring weight ratio, large litters, and restricted parturition space. Increased maternal anxiety resulting from disease or a number of external stimuli may result in abnormal behaviour causing the mother accidentally to stand or lie on her offspring.
Laceration
These injuries are most commonly caused accidentally during play, as a result of corrective training or when the offspring which have strayed from the nest are retrieved too roughly. Cats rarely intentionally injure their offspring, but puppies and piglets may be deliberately attacked by their mothers. In puppies severe head injuries resulting from maternal aggression have been recorded.
Apart from these injuries some offspring may die as a result of hypothermia caused by the mother neglecting, rejecting or scattering her young. Others may die as a result of the mother licking the offspring excessively immediately after birth. The reasons for these actions on the part of the mother are not understood.
It is impossible to estimate the number of offspring maimed or killed in these ways since no established channels for reporting and recording exist. As it is impossible in a short communication to review all maternal dietary deficiencies, I shall restrict my remarks to protein-calorie deficiency, a common condition which can be brought about by underfeeding or by the consumption of diets inadequate in quantity or quality of protein (Platt etal. 1961) .
BIBLIOGRAPHY
The requirements change with the developmental and physiological state of the individual. In addition, stresses such as infection and trauma increase the requirements for protein, so that a diet which is just adequate for a healthy individual can, during episodes of stress, become frankly deficient. Dietaryrequirements can best be defined by the single term of Net Dietary-protein Calories per cent (NDpCal Y.), that is the proportion of dietary calories which, as protein, is fully utilized for anabolic purposes. The suggested values for man in NDpCal are at weaning 7-8 %, during adolescence 8-0%, for adults about 5 0%, but during gestation and lactation 9-5%. The figures for smaller mammals are similar except that during reproduction the needs tend to be higher. Animal experiments provide many examples of increased neonatal deaths amongst the offspring of protein-calorie-deficient mothers. The dietary regimens vary greatly and to facilitate comparisons the protein values of the diets have been calculated, from the authors' published formulh, as NDpCal %. Venkatachalam & Ramanathan (1964) maintained rats during gestation and lactation on diets having a protein value of NDpCal % =2-1 and found that all the offspring died before weaning. A great deal of this loss was due to lactational deficiencies, for when rats born of normal mothers (NDpCal%=10) were fostered to and suckled by protein-calorie-deficient rats, 78 % died. The whole effect cannot, however, be related to the lactational deficiency, for when rats born of deficient mothers were suckled by normal dams the losses were still 40 %, in contrast to the 9% loss of normal offspring similarly fostered. This large difference in neonatal deaths amongst rats, which at birth were of similar size and gestational age, can only be interpreted as the sequel to an intrauterine experience. Chandran & Ambegaokar (1959) maintained rats for three generations on diets deficient in protein (NDpCal%=3-7 and 5-1). There was a progressive fall in the number ofanimals per litter and in the deaths, so that the survivors, expressed as percentages of those of a well-nourished group (NDpCal%=9 6), were 22, 29 and 29-5 for the poorest diet and 55, 57'5 and 57 for that of NDpCal%= 5-1. It therefore appears that the number of animals weaned is linked to the protein value ofthe diet given to the mother.
At the Human Nutrition Research Unit (National Institute for Medical Research, London) the reduced numbers of rats per litter and the higher death rate of those born of deficient mothers has been confirmed, and the high losses during suckling have been related to poor development of the mammary gland. Most of the work, however, has been with dogs (Platt & Stewart 1968 ). Pairs of female litter mates were selected from normally born puppies, and from weaning onwards one member of each pair was given a diet of high (NDpCal%=10) and the other a diet of low (NDpCal %=7) protein value. At 18-24 months of age they were mated to the same normal male. The animals having the diet of NDpCal%=7 were protein-calorie deficient during early growth and adolescence, received an adequate diet during adulthood, but were again undernourished during pregnancy and lactation. Fewer pups were produced by the mothers fed on the deficient diets and they weighed about 20% less than the controls (Table 1 ). The deliveries in both groups were at full term, so that the small offspring must be regarded, not as premature, but as full-term immature, or small-for-dates. Of the deficient group 47% died before weaning; the losses in the control'series, whilst higher than for the stock animals, were only halt this figure (23 Y.) . When the deficient mothers produced very small littersone or two onlythe pups were larger and the proportion of deaths much lower. This could be an indication that there was a low and limited transfer of nutrients from mother to offspring.
As it is difficult to obtain the placentae of dogs at parturition, some rather crude calculations were made. It was assumed that the loss in weight from pre-parturition to about twenty-four hours post-parturition is the sum of the weight of the litter, the placenta, the amniotic fluid and some blood. If the weight of the litter is subtracted from this figure an approximation of the 'placenta+ amniotic fluid' weight is obtained, which in the deficient bitches is about 25% less per unit of litter weight than in the control series (Table 1) . A few figures have been obtained for placental weights in dogs which were killed fifty-eight days after mating and which were carrying five or more pups. The placenta/foetus ratio was 0-22 in the stock dogs, similar to that at forty weeks of pregnancy in women, and 0-14 in the deficient animals. Experimental protein-calorie deficiency therefore leads to a reduction in the total weight of the offspring, a relatively greater loss in the weight of the placenta and an increased liability to neonatal death.
The stress of pregnancy, when calculated as weight of litter at birth relative to time of gestation and mother's weight, is considerably less in-primates than in non-primate mammals (Payne & Wheeler 1967) . Diets and regimens having protein values similar to those used in the dog experiments would not, therefore, produce similar abnormalities in infants, but in some areas the protein values during growth, adolescence and gestation fall below this value.
Are there any indications that low birth weights and high perinatal death rates of infants are related to maternal dietary deficiencies? The very obvious defects which can be observed in children malnourished after birth has led some observers to discount the maternal effect and to regard the environment and feeding during the first years of life as all-important. However, infants born to women in developing countries are smaller and deaths within the first twentyeight days are 3 to 4 times as high as those in well-nourished communities. The deaths are often reported as due to immaturity, malformations, infections, poor medical care and hypoglycemia. Malnourished animals, however, produce immature offspring (Platt & Stewart 1968) , the synergism between protein-calorie deficiency and infection is well known (Platt 1957 ), and congenitally malnourished puppies have a modified glucose metabolism (Heard & Turner 1967) . The effect of post-natal deficiencies appears later. Gordon et al. (1967) have shown that in industrialized countries deaths during the first twentyeight days, when compared to those occurring in the next eleven months, are approximately as 2: 1, whereas in under-developed areas the ratio is nearer 2:3 (Table 2 ) and this very high death rate continues into the second year of life.
There has recently been an investigation in this country (Aykroyd & Hossain 1967) in which the offspring of Pakistani and native mothers were compared (Table 2 ). Both groups were said to have taken full advantage of the maternal and child welfare facilities and the offspring were bottle-fed. The deaths from 1 to 11 months of age were similar, being slightly but not significantly higher in the immigrant group (15 7 compared with 9 3 per 1,000), but the neonatal dea'ths were 2-4 times greater than in the indigenous group. These families were not impoverished. Malnutrition was not present during gestation and it is probable that the different neonatal death rates are a reflection of the mother's nutritional status during growth and adolescence. The effect of deficiencies in early life on reproductive performance can be seen in experiments with dogs. Mothers malnourished from 6 weeks of age produced fewer offspring than normal mothers and lost 47 % of them, whereas animals which received the deficient diet only after mating produced a normal number of small pups, of which only 24°died. Thomson & Hytten (1967) report that during the years 1940-5 the stillbirth rate in this country fell from 38 to 29 per 1,000. This, one of the steepest drops recorded, took place mainly during food rationing. Wartime food rationing in Great Britain was one of the best and most successful nutritional experiments ever attempted; there was selective rationing which protected the more susceptible classes and led to an all-round improvement in health and physique. Following the wartime fall in the stillbirth rate, there was comparatively little change, although medical, and particularly maternal, services were further improved from 1948. During the 1960s there has been another fall and Thomson & Hytten (1967) suggest that this may be due to the 'better babies' of the war years now reaching reproductive stage.
There is little doubt that maternal diet does have a significant effect on infant weight and perinatal death, but I would like to suggest several other, possibly more important, points. Nature rarely gives a distinct black or white result; there are usually a large number of greys. Do the offspring which die represent only the worst specimens and are there amongst the survivors some who are slightly but permanently damaged? The surviving but underweight offspring of malnourished animals grow less well than do those from well-fed mothers and exhibit defects in neurological and biochemical development which can be modified but not fully corrected by good post-natal nutrition. There are many reports (e.g. Drillien 1964 , McDonald 1965 ) that children of low birth weight are particularly liable to mental retardation and this subject has recently been discussed by Crome & Stern (1967) . It is likely that, to prevent the birth of weak, undersized children with a high neonatal death rate and a lowered intelligence amongst some of the survivors, dietary measures should be instituted fifteen to twenty years before their birth.
Mr George Porter (Medical Research Council Laboratory Animals Centre, Carshakon, Surrey)
Pre-weaning Loss of Laboratory Animals
This paper is concerned with the effects of physiological abnormalities, disease and physical environment on postnatal deaths of rats and mice. The existence of strains of animals in which particular malformations occur spontaneously gives certain investigators an opportunity to study the interaction of genotype and intrauterine variables. On the other hand, when such animals are used in a wider field of disciplines, and the defects causing death are not fully recorded, confusion may arise when experimental results are analysed. It has been shown that commonly recurring diseases are directly or indirectly responsible for 97 5 % of all pre-weaning losses in young mice produced under conventional conditions. The diseases of rats and mice have been largely eliminated by subjecting animals to hysterectomies and maintaining their offspring either in germ-free isolators or behind barriers designed to exclude pathogens. It was soon realized that animals so produced had a different gut flora from the conventional. Furthermore, as a number of nutrients in the diet are destroyed by sterilization, malnutrition was responsible for a high percentage of pre-weaning deaths. These nutritional deficiencies have now been largely overcome and pre-weaning losses from such causes are now virtually non-existent.
The age at which an animal is mated has an influence on the number of young produced. Studies on the effects on reproduction and preweaning loss of mating mice at 19, 42, 84, 126 and 168 days have shown that the 19-and 42-day-old groups raise a higher percentage of young than the three other groups. Caging and animal house lighting must be considered in relation to each other and assessed for their effects on the number of viable young produced. The number of young weaned per breeding pair of mice was 23-0 per 100 days in opaque cages, and only 13-1 in transparent cages.
The effects of strong and diffused light on the breeding performance of two strains of mice (one albino, one coloured) were studied, and it was found that there was a strain difference in reaction to strong light. The pre-weaning loss of the albino strain was 3-7 pups per litter under strong light and 0 45 under diffused light. The coloured strain was not seriously affected by strong light, but still raised fewer pups than under diffused light.
Another factor that adversely affects preweaning mortality is the number of breeding females that are housed together in one cage. When female mice were caged (a) separately, (b) 2 together, and (c) 3 together, it was found that the percentage of pups lost was 1-1, 4-7 and 3-6 respectively.
An acceptable nesting material, the correct method of handling, and the level of noise in an animal breeding room are related to environment and it is necessary to have some knowledge of their effects on reproduction and pre-weaning loss. Furthermore, it is essential for the effects of these simple facets of animal husbandry to be fully recorded. Scientific workers should be provided with relevant information of the species and strain of animal they are using. Such information must include details of postnatal deaths and the causes must be related to the physiological condition of the parent animal, and the environment under which it is being maintained.
Dr W Lane-Petter (Carworth Europe, Alconbury, Huntingdon)
Cannibalism in Rats and Mice
The incidence of cannibalism in mammals is normally low, and varies according to a number of factors and between species. It has been described by Steven (1957) in bank voles (Clethrionomys), by Hindle & Magalhaes (1957) in golden hamsters (Mesocricetus auratus), by Schwentker (1957) in short-tailed shrews (Blarina brevicauda) and by Steward (1957) in swamp rice rats (Oryzomys palustris), in rabbits (Oryctolagus cunIiciltus), as well as in rats and mice.
The evidence is that some strains of rats and mice are more prone than others to eat their
